Carvone has corroborated its versatility as starting material for building blocks synthesis in organic chemistry, being achieved a new chiral lactone. It has been done a study on the antioxidant activity against superoxide of carvone and a chloro derivative that show the potent activity of the natural product (R)-carvone, 1.
Natural compounds are crucial in organic chemistry not only for their biological activities but for being starting materials in the synthesis of chiral drugs. Our group has been involved in the use of different natural product as sclareol [1] or ent-halimic acid [2] for the synthesis of biological active compounds. Recently we have being interested in carvone to made building blocks for organic chemistry [3] , see figure 1, as is one of the monoterpenes most used for drugs or building blocks synthesis [4] . As several diseases are associated with oxidative stress caused by free radicals [5] we decide to test (R)-carvone 1 and the chloro-derivative 8. The first because is a very available natural compound and the second because is obtained with the better yield in our reactions. Carvone oxidation for obtaining regioselective epoxidation products has been done for many years due to the importance of the obtained epoxides 2 and 3 and their applications [6, 7] . Following with this research we describe in this manuscript the synthesis of new building blocks as shown in Figure 1 , using aluminum trichloride as catalyst and hydrogen peroxide as oxidant.
The methodology used to obtain the required compounds can be seen in table 1. When carvone is made to react with the oxidant using aluminum trichloride as catalyst at room temperature no reaction takes place for a long time, only degradation of the starting material. When increasing temperature, entry 2, the desired compound, 7, is obtained but in low yield, together with a very small amount of epoxide 2, and starting material. Compound 7 is described for the first time and its stereochemistry is proposed based in the reaction mechanism and the coupling constants of H-6 in 1 H NMR spectrum, figure 2. It can be understood the synthesis of 7 by the mechanism proposed in figure 2. First of all, it is produced the epoxidation of the internal double bond followed by a BaeyerVilliger reaction to give the corresponding intermediate, 10, opening of the seven membered lactone induced by the coordination of aluminum trichloride with the epoxide oxygen and cyclization led to lactone 7. Increase of oxidant ratio and reaction time, entry 3, table 1, increase the yield of lactone 7 and the allylic chlorination of the external double bond compound 8 [8] although in low yield. Increasing the temperature, entry 4, better yield of compounds, 8 and 2, is obtained.
As our interest at this time was the isolation of different compounds for testing their biological activity, it was decided to do the reaction with a mixture of carvone, 1, and epoxycarvone 2, in a ratio 1.5/1, entry 1 of The yield until 100% are decomposition or undetermined products. [8] . If used only 1,6-epoxycarvone, 2, entry 2, it was only obtained compound 9 in a better yield. All products were identified by NMR, IR and HRMS. The yield until 100% are decomposition or undetermined products.
DPPH radical scavenging activity:
To assess the in vitro antioxidant activity, we first examined whether compounds 1 and 8 possessed free radical activity by using DPPH• scavenging assays. Antioxidant activity of compounds 1 and 8 (25.9% and 22.6% respectively) was found to be similar to the one of ascorbic acid (21.4%). However, these samples showed significantly less scavenger activity when the reference compound was quercetin (61.8%).
Nitric oxide radical scavenging activity: Nitric oxide radical (NO•), play an important role in the control of various physiological and pathophysiological pathways [9] . The result of NO reducing assay revealed that compounds 1 and 8 showed minor antioxidant activity (13.24% and 14. (Figure 3) . Luminescence signal observed when tissues were incubated with compounds 1 and 8 at several concentrations, were lower than the basal production in lucigenin exposed vessels (201.7±12.0 and 441.0±49.1 RLU/min/mg, respectively). At concentration 10 -6 M no differences were observed between compound 1 and the standard compound quercetin (245.0±7.6 RLU/min/mg).
Conclusions:
A new lactone has been achieved by oxidation of (R)-carvone using aluminum trichloride as catalyst and hydrogen peroxide as oxidant. Increasing the oxidant amount, time reaction and temperature influence the results in carvone oxidation. The study on the antioxidant activity of compounds 1 and 8 using vascular superoxide production assay shows that (R)-carvone 1 has the most powerful effect on the  O 2 -scavenging activity.
Experimental
General methods: Unless otherwise stated, all chemicals were purchased as the highest purity commercially available and were used without further purification. IR spectra were performed on a Genesis® II ATR spectrophotometer. The samples were placed on the diamond, previously cleaned with isopropanol. The spectra were performed using the OMNIC software. 1 H and 13 C NMR spectra were performed in CDCl 3 and referenced to the residual peak of CHCl 3 at  7.26 ppm and  77.2 ppm, for 1 H and 13 C, respectively, using a Bruker® Avant 400, 400 MHz and 100 MHz spectrophotometer, respectively. Chemical shifts ( are reported in parts per million (ppm) and coupling constants (J) are given in Hertz. Mass spectra are presented as m/z (% rel. int.). HRMS were recorded on a VG Platform (Fisons) spectrometer using chemical ionization (ammonia as gas) or Fast Atom Bombardment (FAB) technique. For some of the samples, QSTAR XL spectrometer was employed for electrospray ionization (ESI). The optical activity was determined on a Bellinghan + Stanley Ltd. ADP 222 polarimeter, with 5 ml cells in chloroform solution. The concentration and temperature varied from compound to compound and were specified in the presentation of the values of the optical activity.
General procedure for the reaction with AlCl 3 : Conditions Methods A and B: In a round-bottom flask equipped with a reflux condenser, (R)-carvone 1 (2 g, 13.3 mmol), AlCl 3 (400 mg, 3 mmol), H 2 O 2 30% (1-2 mL, 42.6-85.3 mmol) and 50 mL of EtOH were heated at 45ºC while stirring. The progress of the reaction was monitored by TLC. After 24 h, the reaction was extracted with DCM, washed with water, dried and solvent evaporated. Finally, to flash chromatography on silica gel (hexane/EtOAc) lead 1, 2, 7 and 8 in yields according table 1. 
DPPH radical scavenging activity:
The DPPH free radical scavenging activity was estimated by assay based on the method described in the literature [10] . Compounds 1 and 8 were dissolved in DMSO at different concentration solutions (1x10 -9 -1x10 -4 M). Quercetin and ascorbic acid were used as positive controls. The reaction mixtures contained 100 µL of sample solution and 100 µL DPPH methanol solution (0.3 mM), and then the absorbance was measured at 515 nm after incubated at 37 °C for 30 min. The DPPH radical scavenging effect was calculated using the following formula:
% of free radical scavenging activity 0 1 0 100 . 1
Comment: Where A0 is the absorbance of the DPPH instead of the sample, and A1 is the absorbance of sample.
Nitric oxide radical scavenging activity: Nitric oxide scavenging activity was estimated by assay based on Griess Illosvoy reaction [11] . About 50 μL of the test sample (1x10 -9 -1x10 -4 M in DMSO)
was mixed with 50 μL of sodium nitroprusside (10 mM), and 50 μL of Griess reagent prepared in saline phosphate buffer (pH 7.4). The microplates were incubated for 150 min at room temperature and absorbance was recorded at 546 nm. Curcumin was used as a standard. The percentage of NO• radical scavenging was calculated according to Eq. 1.
Vascular superoxide production assay: Vascular
 O 2 -production was measured in thoracic aorta segments using lucigenin-enhanced chemiluminescence, as previously described [12] . Vessels were incubated in a HEPES buffer (in mM: NaCl, 119; HEPES, 20; MgSO 4 , 1; KCl, 4.6; KH 2 PO 4 , 0.4; Na 2 HPO 4 , 0.15; NaHCO 3 , 5; CaCl 2 , 1.2; glucose, 5.5; pH 7.4) aerated (95% O2/5% CO2) and maintained at 37°C for 30 min. After an equilibrated period samples were then transferred into fluorescence microplates containing 200 µL of the HEPES buffer, 5 M lucigenin, and supplemented with the corresponding tested samples 1, 8 and, quercetin (10 -7 -10 -5 M) and the solvent DMSO. Under these conditions, superoxide levels were measured by chemiluminiscence using a luminometer (Glomax Multi Detection System). Luminescence units were recorded every 30 s for 10 min. The relative values of  O 2 -production were expressed as relative luminescence units per min and mg of dry tissue (RLU/min/mg).
Statistical analysis:
Results of antioxidant activity are presented as mean ± standard deviation (Mean ± SD). Minimums of three independent experiments were carried out. Statistical analysis was performed using one-way ANOVA and significance of difference between the treatments was accepted at the level of significance p < 0.05.
